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1. INTRODUCTION

The concept of two-plece cartridge design (see Figures 1 through 3) for
the next-generation 140-mm advanced tank cannon has recently generated great
interest. The two cartridge components are easier to handle than a long one-
piece design and they can be separately loaded into the gun chamber. The
combined length of the two cartridge components is much greater than that of
conventional one-piece 105-mm or 120-mm ammunition. Particular concerns
regarding the ammunition are due to its great length and the flow barrier
across the cartridge case interface, which may cause uneven ignition in the
two propelling charges of the cartridge. Without appropriate designs of the
charges and their ignition system, the ammunition may perform poorly and, even
worse, severe pressure waves may occur. In fact, the data from early firing
tests with a prototype two-pilece cartridge consisting of two stick propelling
charges ignited by a single basepad at the breech end showed high-amplitude
pressure waves. Such pressure waves have been implicated in the catastrophic
overpressure of several artillery and tank cannons (May and Horst 1978; Horst
1986). To help eliminate the potential hazard, a guideline for the

development of the ammunition is necessary.

The present work is performed to examine ballistic phenomena in response
to variations of charge configuration, location of igniter output, and an
internal flow barrier, as shown in Figures 1 through 3. These three areas are
major factors determining the performance of the propulsion system of the two-
plece cartridge. In the case that both cartridge components are packed with
granular propellant, Chang (1990) has examined the ballistic effects from the
flow barrier at the interface as well as from igniter output distribution. In
this study, we attempt to include all of the four possible combinations of
granular and stick charges. As to the igniter output distribution, it is
extended to include local ignition by a basepad (which is most likely to cause
high-amplitude pressure waves). Furthermore, a broader description of
interface characteristics is considered. The focus of this study is on the

occurrence of high-amplitude pressure waves associated with these variables.

The computer code employed for calculations is the two-phase flow code
XKTC (Gough 1986). Of the features of the code which are important in the
present application is its capability of accounting for:




intrusion of projectile afterbody
cross-sectional area change along the gun chamber
igniter output as a function of time and location

combustion of the cartridge case and cartridge case interface

© 0 0 o0 o

strength and permeability of the cartridge case interface
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Figure 1. Base Ignition; Figure 2. Center Ignition;
bnlbn [nb]bn]
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2. MODELING

2.1 Data Used. The following data are generic and are common for all

calculations.

Propellants - cylindrical granular JA2 and partially-cut stick JA2. Both
have 19 perforations, perforation diameter = 0.074 cm, grain
length = 1.9 cm, grain diameter = 0.83 cm, mass in the rear
cartridge component = 7.25 kg, and mass in the forward
cartridge component = 8.16 kg.

Projectile mass = 13.6 kg.

Igniter material in the basepad - black powder, 91 grams.

Gun dimensions - indicated in Figure 4.

111.3cm
1074 cm

48.3 cm L 59.1 cm

6.35 cm 6.204 cm

COMBUSTIBLE CARTRIDGE CASE = 1.70kg
BOATTAIL VOLUME = 830 cm3

INITIAL CHAMBER VOLUME = 20586 cm3
PROJECTILE MASS = 13.6 kg

Figure 4. Chamber Dimensions
2.2 Charge Configurations. There are four different combinations of

granular and stick propellant beds in the two-piece cartridge. For simplicity
of reference, we use the following symbols to represent them (note: g =

granular and 8 = stick):

(s,s) - stick propellant in both the rear and the forward cartridge

components.
(s,g) - stick propellant in the rear cartridge component and granular




propellant in the forward cartridge component.

(g,s) - granular propellant in the rear cartridge component and stick
propellant in the forward cartridge component.

{g.g) - granular propellant in both the rear and the forward cartridge

components.

2.3 Llocations of Igniter Output. It has been recognized that the
location of igniter output has a profound effect on ballistic behavior.
Without being directed to a specific case, we consider two general categories
of igniter output distribution. One is uniform ignition along the charge
length and the other is local ignition from basepad igniters placed at the end
regions of the two charges in the cartridge, see Figures 1 through 3. Uniform
ignition here is defined as simultaneous ignition everywhere in the charge. It
can be achieved by a scheme such as multi-point ignition through the use of
laser pulses or electric igniters. As to local ignition, three arrangements
are considered. The first arrangement is that a basepad is placed at the rear
end (breech end) of the rear charge and another basepad at the rear end of the
forward charge, as shown in Figure 1. The second arrangement is called center
ignition in which two basepads are placed against the two faces of the
cartridge case interface, as shown in Figure 2. The last arrangement is that
two basepads are placed in the rear charge, one at each end, as shown in

Figure 3.

We also consider that the igniter in one of the two cartridge components
may fail to function, leaving that cartridge component to be ignited by the
combustion products of the other cartridge component. We then choose nine
cases to study, as listed in Table 1. Again, for simplicity, symbols are used
to represent those cases. In the table, "u" = uniform ignition, "b" = basepad
location, "n" = no ignition source, and "|" = interface. As an example,
Figure 3 would be [bbjnn], i.e., basepad ignition occurring at the rear and

forwvard ends of the rear component of the cartridge.

2.4 cartridge Cases and Cartridge Case Interface. Both the cartridge cases

and their interface are considered as energetic material. The cartridge case
interface is modeled as an end wall of one of the two cartridge components.

The mass of the end wall is 0.12 kg and it is consumed totally in 3 ms after




the surface temperature of adjacent propellant grains reach an assumed

ignition temperature (171°C).
The flow barrier at the cartridge case interface is characterized by:
o The shear strength of the interface.

o The permeability of the interface.
o The duration from the start to the completion of rupture of the interface.

Table 1. Locations of Igniter Output
uniform ignition local ignition (basepad ignition)
rear charge fwd charge rear charge fwd charge
Symbol rear end fwd end rear end
[uu|uu] x x - - -
[uu]nn] x - - - -
[nn]uu] - x - - -
/
[bn]bn] - - x - x '
[bn|nn] - - x - -
[nn|bn] - - - - x
[nb]bn] - - - x x
[nb|nn] - - - x -
[bb|nn] - - x x -

where

[uujuu] - simultaneous ignition occurring everywhere in both the rear and the
forward charges.

[uu|nn] - simultaneous ignition occurring everywhere in the rear charge, but
no igniter output in the forward charge.

[nnjuu] - simultaneous ignition occurring everywhere in the forward charge,




but no igniter output in the rear charge.

[tn[bn] - basepad ignition occurring at the breech end of the rear charge and
at the rear end of the forward charge.

[bninn] - basepad ignition occurring at the breech end of the rear charge.

[nn|jbn] - basepad ignition occurring at the rear end of the forward charge.

[nb]bn] - basepad ignition occurring at the forward end of the rear charge and
at the rear end of the forward charge; i1.e., on both sides of the
cartridge interface.

[nb|nn]

[bbjnn]

basepad ignition occurring at the forward end of the rear charge.

basepad ignition occurring at the rear and the forward ends of the

rear charge.

We classify the shear strength of the interface as either "strong" or
"weak". Here "strong" and "weak" mean that the interface starts rupturing
vhen the pressure difference between the two faces of the interface reaches 7
MPa (1000 psi) and 3.5 MPa (500 psi), respectively. These pressure values are

determined as follows:
p=[3.14xDx t]S / [0.25 x 3.14 x D?]

vhere p = pressure difference between the two faces of the interface.

-
n

inside diameter of the cartridge case, 150.5 mm.
t = thickness of the interface, 6.35 mm.
S = shear strength of the interface.

From the manufacturer (Armtec, CA), the shear strength ranges from 21 MPa
(3000 psi) to 42 MPa (6000 psi) depending upon the density of the interface.
Substituting these two strength values into the formula, the two pressure
differences specified above are obtained. It is noted that the interface has
been assumed to have little support from the propellant bed on the low

pressure side.

The permeability of the interface is also taken into account since in some
cases the interface may be perforated in order to reduce the effect of the
flow barrier to flamespreading. Two values are assumed for the permeability:
totally impermeable (i.e., permeability is O%) and semi-permeadble (i.e.,
permeability is 50%).




Finally, the duration for the interface to completely rupture is another
key characteristic needed to be defined in calculations. Although no measured
value is available, 0.5 ms seems to be a reasonable value, with which a good
match has been obtained between the calculated pressure profiles and the test

data which will be given below.

3. RESULTS AND DISCUSSIONS

3.1 Matching Case. Prior to performing calculations for the charge design
concepts described above, calculations for a test case to match available
firing data were carried out. This practice not only validates the capability
of the computer code employed, but also determines some of the input data
which are not available for the code. These input data include the gun bore
resistance to projectile motion and the duration of the rupturing of the

cartridge case interface.

The available test data are from the firings of a 145-mm ballistic
measurement facility at the U.S. Army Ballistic Research Laboratory with a
two-piece cartridge packed with granular JA2 propellant in its two components.
The ignition system used in the cartridge was a long metal tube primer which
intruded substantially into the forward cartridge component. The output rate,
a function of location and time, of the primer was determined from open air
tests conducted previously during the development of two-piece cartridges for

the 140-mm advanced tank cannon system (Chang, Deas, and Grosh 1991).

Figure 5 presents pressure data at the breech end and at the forward end
of the gun chamber recorded from the test firing (dashed lines) of a 145-mm
gun and from XKTC calculations (solid lines). In the figure, the curve dP
is the result of the breech pressure minus the forward chamber pressure. The

agreement between the test data and the calculations is reasonably good.

3.2 Calculated Results. Appendix A presents a typical input data file
for the calculations. As mentioned earlier, there are 4 charge configurations

to be examined and each of them has 9 different locations of igniter output
(see Table 1). In addition, in each of these cases there are 5 different

interface characteristics (strong, weak, impermeable, semi-permeable, and no




interface). Apparently, a very large matrix of calculated results is obtained,
as seen in Table 2. The results in Table 2 include the maximum chamber
pressure (P . .) which occurs at the breech end, the maximum negative pressure
differential (-dP) between the breech end and the forward end of the gun

chamber, and the maximum intergranular stress (S; max) in the propellant bed.

600 1 1 L] 1 1] LN i T ¥ 1] ¥ 1]
: Calculated
: Test 7
500 .
- : Breech .
0 400 Pressure i
% : Forward End
v Pressure ]
‘Q 300 ]
8 J
0]
W 209 .
Qo
100 | .
dP = Pb - Pf ]
0 o ' ‘ R

TIME (M5)
Figure 5. Calculated Result and Test Data in Matching Case

The intergranular stress refers to the average intrinsic stress which the
propellant bed would experience at each cross-sectional plane due to the load
carried by the solid phase alone. The stress occurs when the propellant bed is
under compaction as a result of a non-uniform pressure distribution along the
propellant bed. The stress can be a function of time and location along the
gun chamber length. Normally, the stress reaches its maximum value
immediately before the projectile starts to move. When the stress increases,
the grain may deform or even fracture; depending on the propellant
formulation, temperature, and rate of compression on the grain. M30 and LOVA
propellants may fracture without much deformation. JA2 propellant may deform

to a very large degree without fracture at temperatures above 0°C. However,




vhen conditioned to -20°C or below, JA2 may easily fracture when the stress
exceeds a certain limit (Lieb 1991). Upon fracture, the burning surface area
of the propellant grain increases. This may lead to a locally enhanced mass
generation rate in the propellant bed, which may drive high-amplitude pressure
wvaves. The present calculations do not account for the effect of grain

fracture on the ballistic performance.

Appendixes B through E present the pressure-time traces at the breech and
the forward end of the chamber, and their differential for all of the charge
configurations listed in Table 2.

Based on the results given in Table 2, Table 3 is established to summarize
the physical phenomena occurring in each of the four charge configurations
with igniters located at specified locations. In the table, note that for
pressure waves: "small" means < 7 MPa, "moderate" means > 7 MPa but < 35 MPa,
"strong" means > 35 MPa but < 70 MPa, "very strong" means > 70 Mpa. This
classification is established based on the experience obtained from firing
tests with 105-mm and 120-mm tank gun systems. As to the maximum intergranular
stress (si,max); "low™ means < 3.5 MPa, "moderate" means > 3.5 MPa but < 7
MPa, "high" means > 7 MPa but < 15 MPa, and "very high" means > 15 MPa. It is
noted that this classification is established based on limited test data
gathered from the testing using a controlled test fixture (Lieb 1991). 1In
spite of this, it is felt that the classification is reasonable in
consideration of the fact that JA2 grains may fracture at temperatures below
-20°c.

In Table 3, there is a great deal of interesting information to be
discussed. Without attempting to cover all of the information, we present
only those of primary concern regarding the formation of high-amplitude

pressure waves which may cause safety hazards.

3.2.1 Effects of Charge Configuration. With a focus on the charge

configuration, the following summary is made in reference to Tables 2 and 3.

o Configuration (s,s) -- has no pressure waves problem from uniform ignition
[uu|uu] or basepad ignition at the rear ends of both charges [bn|bn] or center

ignition [nb{bn].




Symbols: imp = impermeable; per = semi-permeable.

Table 2. Calculated Results

Charge Igniter Interface -dp s
---------------------- B3 (MPa) (RPD3X
strength permeability

no interface 560 0 0
strong imp 559 0 1]
[uu]uu] strong per 591 0 0
weak imp 567 0 0
weak per 574 0 0
e e D
no interface 557 4 2
strong imp 555 30 10
{s,s) [uu]nn] strong per 556 33 9
weak imp 572 18 9
weak per 576 18 5
no interface 558 3 2
strong imp 559 16 23
[nn|uu] strong per 561 21 42
weak imp 559 16 23
weak per 559 14 25
....... L b LR R il T ey o S Y
no interface 578 6 2
strong imp 585 1 5
[bn|bn] strong per 604 1 3
weak imp 583 1 5
weak per 592 1 3
R L
no interface 560 8 2
strong imp 566 31 10
{s,s) [bn|nn] strong per 579 29 6
weak imp 570 28 10
weak per 579 24 6
no interface 564 1 1
strong imp 572 25 49
[nn]bn] strong per 571 23 31
weak imp 574 18 29
weak per 571 16 18
no interface 565 1 3
strong imp 572 0 3
[nb]bn] strong per 594 1 3
weak imp 584 4 4
weak per 594 4 4
{(s,8) +--------- bbb LA LR L L e L L L EEE L EE D EE L
no interface 566 1 2
strong imp 554 35 32
[nb]|nn] strong per 555 34 20
weak imp 566 21 19
weak per 574 18 19
....... D L L e T R
no interface 579 9 4
strong imp 570 36 8
{s,s) [bb]nn] strong per 572 34 7
weak imp 581 19 8
weak per 591 14 7
....... L T L L L R T P

10




Table 2. Calculated Results (Cont’'d)

Charge Igniter Interface P -dap S
---------------------- (PR (MPa) (HPE3™
strength permeabllity

no interface 565 0 0
strong imp 552 0 1
{uujuu] strong per 566 0 1
wveak imp 554 0 1
weak per 553 0 1
+o-coceen- R b S e PP T e
no interface 532 15 3
strong imp 599 108 11
{(s.g) [wu|nn] | strong per 603 108 6
weak imp 572 81 7
weak per 571 80 6
$----c--n- R L L e L LR LT
no interface 593 8 6
strong imp 565 14 44
[nn|uu] strong per 572 13 35
weak imp 557 8 27
weak per 557 7 20
....... +-_-------+_-_-----------------------------------------—--
no interface 539 15 3
strong imp 577 19 45
[bn|bn] strong per 570 14 40
weak imp 566 6 20
weak per 562 6 31
ks e et L L RS
no interface 533 41 1l
strong imp 599 95 1l
{s,g) [bn|nn] strong per 601 95 2
weak imp 591 87 2
weak per 581 83 2
R s R e e C e L PP
no interface 540 12 1l
strong imp 552 8 14
[nn|bn] strong per 548 10 32
weak imp 546 12 31
weak per 545 14 19
....... B T ey ey gy ey g g g
no interface 556 13 1
strong imp 579 17 26
[nb|bn] strong per 571 4 14
weak imp 561 6 8
weak per 559 4 14
(s,g) +--------- $reommcmeecceeeeccccccccerereo oo mmcmcecmeee
no interface 554 13 1
strong imp 637 174 19
[nb|nn] strong per 570 85 3
weak imp 609 133 11
weak per 568 82 3
....... LR TR I L LR P R L L L L P PR EEE LR LR
no interface 545 23 5
strong imp 636 125 16
(s.g) [bbinn] | strong per 634 125 10
weak imp 620 102 11
eak per 615 93 10
....... N R T e L T

11




Table 2. ulated Results (Cont'’d

Charge Igniter Interface P -dP S
---------------------- oB3F sy (APBSE
strength permeability

no interface 550 1 0

strong imp 582 1 1

[uu]uu] strong per 611 4 0

weak imp 588 2 0

| weak per 583 2 0
$----e-ae- R e e

no interface 539 3 2

strong imp 557 31 0

(g.s) [uu|nn] | strong per 551 28 0
weak imp 564 20 0
weak per 580 17 0

$------aa- R Lt L L EEE L L L PP LS e
no interface 557 10 22
strong imp 665 107 31
[nn]|uu] strong per 685 131 13
weak imp 637 82 21
weak per 629 62 13

....... L LD e L L b L R b R pep——
no interface 544 32 9
strong imp 640 16 14
[bn|bn] strong per 663 10 8
weak imp 616 10 9
weak per 617 9 8

#o--cc---- R e R L EE L LT PP PP P
no interface 579 3 7
strong imp 539 46 11

{g,s) [bn|nn] | strong per 540 45 11

weak imp 530 42 11
weak per 487 38 19
R D et e e T P T T
no interface 579 3 7
strong imp 679 137 25
[nn|bn] strong per 699 133 20
weak imp 648 61 18
weak per 651 41 14
_______ B D Ly g S
no interface 595 4 8
strong imp 604 3 12
[nb}bn] | strong per 629 6 11
veak imp 609 5 8
| weak per 616 6 11
{(g,s) +----v=e-- R e e e L L L
no interface 579 3 7
strong imp 570 0 34
[nb{nn] strong per 578 0 23
wveak imp 574 0 19
weak per 586 0 17
....... T L T L o
no interface 544 32 9
strong imp 593 0 8
(g,s) [bb|nn] | strong per 599 0 3
wveak imp 590 0 4
weak per 591 0 3
....... L L T R R L R

12




Table 2. Calculated Results (Cont’d)

Charge Igniter Interface P -dP s
---------------------- oP8F ey (RPBSF
strength permeability

no interface 565 0 0
strong imp 579 0 1
[uu[uu] strong per 581 0 1
weak imp 566 0 1
weak per 578 0 1
--------- +----_------__-__---------—--------—----—-------
no interface 522 21 4
strong imp 608 90 10
(g.8) [uu|nn] | strong per 602 76 4
weak imp 579 63 6
wveak per 574 57 10
no interface 605 12 8
strong imp 693 131 26
[nn|uu) strong per 729 144 15
wveak imp 663 79 17
weak per 654 62 15
....... L L R T R e L L L Tk e
no interface 548 39 5
strong imp 594 5 15
{bn|bn] strong per 616 0 8
weak imp 591 0 8
weak per 578 0 8
o
no interface 569 72 8
strong imp 647 117 10
(g.8) [bn|nn] strong per 646 115 12
weak imp 634 105 8
weak per 631 102 8
$ecccnnaaa R bt E R
no interface 549 0 9
strong imp 628 22 24
[nnibn] | strong per 659 35 20
weak imp 600 6 16
weak per 593 3 15
....... D R et b T T U ey e g ey g
no interface 563 0 8
strong imp 591 16 11
[nb]bn] strong per 621 19 11
wveak imp 581 2 11
weak per 594 0 11
(8,8} #-------cedocccmcec et
no interface 549 0 9
strong imp 693 191 26
[nb|nn] strong per 593 91 12
weak imp 560 39 9
wveak per 554 26 12
---------------- L L R R L L A R
no interface 548 39 5
strong imp 589 53 7
(g.8) [bb|nn] | strong per 590 52 6
weak 572 28 4
wveak per 572 26 6
....... fercccccccdrcrccreccccorr e acs e r e casca s c e c e e e
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Table 3. Physical Phenomena

Pressure Waves:
small = < 7 MPa
moderate = > 7 MPa but < 35 MPa
strong = > 35 MPa but < 70 MPa
very strong = > 70 MPa

Maximum Intergranular Stress:

low = < 3.5 MPa

moderate = > 3.5 MPa but < 7 MPa
high = > 7 MPa but < 15 MPa
very high = > 15 MPa

Granulation: Stick Propellant in Both the Rear and the Forward Charges, (s.s)

Igniter

[nn]uu]

{bn|bn]

[bn|an]

[nn|bn]

[nb]|bn]

[nb|nn]

[bb|nn]

Pressure Waves

moderate, increasing
with interface
strength

moderate

very small

moderate, increasing
with interface
strength

moderate, increasing
with interface
strength

small

moderate to strong,
increasing with
interface strength

moderate to strong,
increasing with
interface strength

Interface Effect

no noticeable effect

strong effect from
strength, small
effect from
impermeability

moderate effect from
strength, small
effect from
impermeability

no significant effect

strong effect from
strength, small
effect from
impermesbility

moderate effect from
strength, small
effect from
impermeability

no significant effect

strong effect from
strength, small
effect from
impermeability

strong effect from
strength, small
effect from
impermeability

14

Max. Inter. Stress

moderate to high,
increasing with
interface strength
and impermeability

very high

moderate

moderate to high,
increasing with
interface
impermeability

very high
increasing with
interface strength
and impermeability

low
very high

increasing with
interface strength

high




Table 3. Physical Phenomena (Cont’d

Granulation: Stick in the Rear Charge and Granular in the Forward Charge,

]s,g[

Igniter

[nn|uu]

[bn|bn]

[bn|nn]

[nn|bn]

[nb|bn]

[nb|nn]

[bb|nn]

Pressure Waves

very strong

moderate

moderate

very strong

moderate, tends to
reduce with interface
added

small to moderate

very strong

very strong

Interface Effect

no noticeable effect

strong effect from
strength

moderate effect from
strength, small
effect from
impermeability

moderate effect from
strength, small
effect from
impermeability

strong effect from
strength, small
effect from
impermeability

small effect from
strength

small effect from
both strength and
impermeability

strong effect from

both strength and
impermeability

strong effect from
strength

15

Max. Inter. Stress

moderate to high,
increasing with
interface strength
and impermeability

very high
increasing with
interface strength
and impermeability

very high
increasing with
interface strength

low

very high

high

low to high,
increasing with
strength and
impermeability

high, increasing
with strength and
impermeability




Granulation: Granula

!g,sl

Igniter

[bn|bn]

[bn|nn]

[nn|bn]

[nb]bn]

[nb|nn]

[bb|nn]

Table 3. Physical Phenomena (Cont’d)

Pressure Waves

moderate

very strong

moderate, reduced with

interface added

strong

very strong

small

none

reduced to none
with interface
added

Interface Effect

PR I e e e e I Ry

no significant effect

moderate effect from
strength

strong effect from
strength

moderate effect from
both strength and
impermeability

moderate effect from
strength, small
effect from
impermeability

very strong effect
from strength,
moderate effect from
impermeability

small effect from
both strength and
impermeability

no noticeable effect

from strength and
impermeability

16

n the Rear Charge and Stick in the Forward Charge

Max. Inter. Stress

none

high to very high,
increasing with
interface strength
and impermeability
high

high

very high
increasing with
interface strength
and impermeability

high

very high
increasing with
interface strength

moderate




Table 3. Physical Phenomena (Cont’d)

Granulation: Granular Propellant in Both the Rear and the Forward Charges,

[nn]uu]

[bn|bn]

[bn|nn]

[nn]bn]

[nb|bn]

[nb|nn]

[bb|nn]

Pressure Waves

very strong

very strong

reduced to small or
none with interface
added

very strong

moderate

moderate

very strong

strong

Interface Effect

no effect

strong effect from
both strength and
impermeability

strong effect from
strength

strong effect from
strength

moderate effect from
strength and
impermeability

moderate effect from
strength

very strong effect
from both stremngth
and permeability

strong effect from
strength

Max. Inter. Stress

moderate to high

very high

high

high
increasing with
interface strength

very high

high

high

moderate

o Configuration (s,g) -- has no pressure waves problem from uniform ignition

[uu]uu] only. It is interesting to note that from [bn|bn] and [nn|bn] ignition

the pressure waves tend to reduce from moderate to small when the interface is

inserted. However, in consideration of the resultant high intergranular stress

(vhich may cause grain fracture) occurring in the forward charge (granular),

the actual wave amplitude may increase significantly.

17




o Configuration (g,s)} -- has no pressure waves problem from uniform ignition
[uu|uu] only. Although [nb|nn] ignition produces no pressure waves, the
resultant high intergranular stress occurring in the rear charge may cause

high-amplitude pressure waves.

o Configuration {g,g) -- has no pressure waves problem from uniform ignition
[uu]uu] only. The result also shows that from [bn|bn] ignition the pressure
waves are reduced from strong to small or to none when the interface is
inserted. However, there is a noticeable increase in the intergranular stress
in both charges, which may cause grain fracture and thus high-amplitude

pressure waves.

3.2.2 Effects of Location of Igniter Output. When the igniter location
is considered, we may also establish the following summary based on the data

given in Tables 2 and 3.

o Uniform Ignition [uu]uu] -- produces good pressure behavior with no

pressure waves for all charge configurations, as exhibited in Figure 6.

o Center Ignition [nb[bn] -- produces good pressure behavior with no or very
low pressure waves in the charge configurations {s,s) and {(g,s). The ignition
produces moderate pressure waves in the other two charge configurations and a

moderately high intergranular stress, see Figure 7 and Table 2.

o Base Ignition in Both Charges [bn|bn] -- produces good pressure behavior
with no pressure waves in the charge configuration (s,s}. The ignition
produces moderate pressure waves and a very high intergranular stress in the
charge configuration {s,g). In the charge configuration (g,s), the ignition
produces moderate pressure waves and a moderately high intergranular stress.
It is surprising that in the charge configuration {(g,g), pressure waves are
reduced from high to almost none after an interface is inserted; however, the

intergranular stress is moderately high, see Figure 8 and Table 2.

o Basepad ignition at the breech end of the cartridge [bn|nn] -- produces

strong pressure waves in all charge configurations with the exception of the charge

configuration {s,s) in which the pressure waves are moderate, see Figure 9.
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o A granular charge with ignition at one end: [bn|nn], [bn|bn], [nb|nn],

[nb]lbn], [nn|bn], -- produces a high intergranular stress, but not necessarily

high-amplitude pressure waves; see Figure 10.

o A granular charge ignited by its adjacent charge: [uu|nn], [bn|nn]}, [nb|nn],

[bb|nn], [nn|uu], nn]bn] -- produces strong pressure waves in all charge

configurations (see Figure 11 for example) with the exception of the charge

configuration {g,g) with [nn|bn] ignition, which produces moderate pressure

waves.
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Adjacent Charge, [uulnn] and [nnjuu]

3.2.3 Effects of Interface Properties. The data in Tables 2 and 3 show
that the interface properties play a key role in the formation of pressure

waves. In some cases, the strength of the interface is a dominant factor (see
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Figure 12); in other cases, its permeability is the dominant one (see Figure
13). From Appendixes B through E, such dominance is seen only in the charge
configurations with one or two granular charges; i.e., (s,g), (g,s), or (g.g).
It seems that whether the strength or the permeability is the dominant
property depends on the granulation in the cartridge component which has no
ignition source initially.
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Figure 12. Effect of Interface Strength
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Figure 13. Effect of Interface Permeability

4. CONCLUSIONS

The charge configuration (s,s) is the most forgiving system allowing the
most arrangements of igniter location than any of other charge configurationms.

Uniform ignition along the entire charge length produces good ballistic
behavior in all of the charge configurations. Center ignition is also a good
ignition scheme for the charge configuration (s,s).
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In the case that a basepad at the breech end is the only ignition source
(i.e., [bn|nn] ignition), high-amplitude pressure waves result in the charge
configurations (s,g), (g,s), and (g,g). In the charge configuration (s,s},
the pressure waves are moderate, however, the intergranular stress 1s very

high.

The most fault tolerant ignition system may be base ignition of the

forward charge with stick propellant in the rear charge, i.e., the charge

configurations (s,s) and (s,g}.

The cartridge with a granular charge as its component may experience
high-amplitude pressure waves or a high intergranular stress or both if there

is only one basepad as the ignition source of the charge or if the charge has

no direct ignition source at all.

The flow barrier across the cartridge case interface is a major factor
in the formation of pressure waves. Its shear strength, permeability, and
duration of rupturing are all critically important in the present
calculations. These data should be accurately characterized in order to
quantitatively predict the interior ballistic performance of a two-piece

cartridge.
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APPENDIX A

A Typical Input Data File
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Charge Configuration: (s,g}; Ignition: [nb|bn]; Interface: strong/permeable

GENERIC TWO PIECE CARTRIDGE STICK-gran inter base str per sgibsp
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APPENDIX B

Plots of Pressure-Times Traces
for the Charge Configuration (s,s)

See Table 1 for the representations of the symbols [uu]uu], [uu]nn],
[nn|uu}, [bn|bn], [bn|nn], [nn|bn], [nb|bn], and [nb|nn]. The following
symbols are defined as:

Pb = pressure at the breech, MPa

Pg = pressure at the forward end of the gun chamber, MPa
dP = Py - Pg, MPa

no no = no interface

st imp = strong impermeable interface

st per = strong permeable interface

wk imp = weak impermeable interface

vk per = weak permeable interface
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APPENDIX C

Plots of Pressure-Time Traces
for the Charge Configuration (s,g)

See Table 1 and APPENDIX B for the representations of the symbols used.
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APPENDIX D
Plots of Pressure-Time Traces

for the Charge Configuration (g,s)

See Table 1 and APPENDIX B for the representations of the symbols used.
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APPENDIX E
Plots of Pressure-Time Traces

for the Charge Configuration (g,g)

See Table 1 and APPENDIX B for the representations of the symbols used.
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